Background: Shoulder pain is a common complaint across the population. It is associated with co-morbidities such as depression, diabetes mellitus, musculoskeletal disorders or cancer. However, there has been no study on the association of shoulder symptoms with future development of diseases. This nationwide population-based study aimed to investigate and clarify this association. Materials and Methods: A total of 76,304 patients with shoulder symptoms during 2000 and 2013 were selected from the National Health Insurance Research Database in Taiwan. Clinical endpoints such as hypertension (HTN) and cardiovascular disease (CVD) were evaluated by hazard ratio (HR) with 95% confidence interval (CI) after adjusting any confounding factors in Cox regression analysis. Results: Among the registered subjects, 16,570 (21.72%) and 8,453 (11.08%) patients developed HTN and CVD, respectively. After adjusting gender, age, household income, catastrophic illness, season, urbanization level and level of care, patients with shoulder symptoms aged ≥65 years had the highest risk of HTN (adjusted HR = 5.806, 95% CI = 5.464-6.169, P < 0.001), and CVD (adjusted HR = 4.371, 95% CI = 4.047-4.721, P < 0.001), with reference to younger age group of 22-44. The association of older age persisted in other cardiovascular problems (P < 0.001). Conclusions: Shoulder symptoms were associated with HTN and CVD. Future studies are required to elucidate the clinicopathogenesis.
INTRODUCTION
Shoulder pain is a common complaint across the general population. The lifetime prevalence of shoulder pain ranges from 7% to 67%, with incidence of about 1.5% per year. 1, 2 The most common cause of shoulder pain has been reported to be rotator cuff disorders, acromioclavicular joint disease and glenohumeral joint disorders. 3 Other causes are mostly nonspecific and there lacks reliable tools for clinical assessment. 3 Therefore, the research of shoulder pain etiology is limited. Furthermore, due to its chronic characteristics, 128 heart attack and angina in the elderly. 5 Similar results for younger population were reported in Finland. 4, 6 Another larger, cross-sectional, retrospective study was conducted in the United States and identified that shoulder symptoms were associated with diabetes mellitus, depressive disorder, pulmonary, cardiovascular, other musculoskeletal problems and cancer, as well as pain, aching or stiffness at other sites. 7 In Taiwan, hypertension (HTN) and cardiovascular disease (CVD) contribute significant medical burden and costs. Therefore, early diagnosis and management is of vital importance. Based on the mentioned evidence, we hypothesize that shoulder pain is an early sign of HTN and CVD because of referred pain. The purpose of this study is to clarify the clinicopathological association of shoulder pain with other underlying conditions, we carried out this study using National Health Insurance Research Database (NHIRD) in Taiwan.
MATERIALS AND METHODS

Ethics
Our study was approved by the Institutional Review Board of the Tri-Service General Hospital (TSGHIRB 2-104-05-035).
Data source
NHIRD in Taiwan covered more than 99% of the entire population. The research database is released from the Bureau of National Health Insurance, which is affiliated to over 93% medical institutions such as medical centers and local hospitals. 8 The NHIRD contains the annual registration files and all claims data for reimbursement. Personal information is encrypted for individual privacy. There have been many studies addressing the accuracy and validity of the use of the database. 9 Therefore, NHIRD was adopted as the data source in this retrospective study. Moreover, the Longitudinal Health Insurance Database (LHID), a subset of the NHIRD that randomly selects one million insured individuals, was used to investigate the association between shoulder pain and HTN and CVD over a 14-year period (2000-2013).
Study design and sampled participants
This study was a population-based cohort design. Patients with shoulder pain that had at least three outpatient or inpatient visits were retrieved from the LHID from January 1, 2000, to December 31, 2013 according to diagnosis of shoulder pain, strains or sprains (ICD-9-CM 719.41, 719.42, 840). Patients with shoulder symptoms before index date were excluded, and the patients having HTN and CVD before tracing were also excluded. All patients aged <20 years old and with unknown gender were excluded from this study. In the end, a total of 76,304 registered patients were included [ Figure 1 ].
The covariate factors in our study included gender, age group (20-44, 45-64 and ≥65 years), income, catastrophic illness, seasons, geographical area of residence (north, middle, south, east and outlet islands of Taiwan), urbanization level (level 1-4), and level of care (hospital center, regional hospital and local hospital). The urbanization levels of residence were defined by the population and various factors associated with level of development. Population of > >1,250,000, with specific political, economic, cultural and metropolitan development was defined as level 1. Regions with population between 500,000 and 1,249,999, and having important role in the politics, economy, and culture were defined as urbanization level 2. Urbanization level 3 was defined for those with population between 149,999 and 499,999, and regions with urbanization level 4 had the lowest population (<149,999 
Outcome measures
All participants in the study were followed from the index date to the onset of HTN and CVD, withdrawal from the NHI program or at the end of 2013.
Statistical analysis
All statistical analyses were performed using SPSS, version 22.0 (IBM Corp., Armonk, NY). Chi-square and t-tests were used to evaluate the distributions of the categorical and continuous variables, respectively, with a Fischer exact examination. The results were presented as adjusted hazard ratio (HR) with a 95% confidence interval (CI). Differences in the risk of clinical endpoints between the study and control groups were estimated using the Kaplan-Meier method with the log-rank test. A two-tailed P < 0.05 was considered to indicate the statistical significance.
RESULTS
Baseline characteristics of the study population
The baseline characteristics of the study population are depicted in Table 1 . The average age with shoulder symptoms was 49.71 ± 16.62 in our study, with more patients in the age group of 20-44 (39.26%) and 45-64 (40.7%) years. Most of the patients do not have low-income threshold and were not inflicted with catastrophic illness (98.21% and 94%). Northern Taiwan accounted for the most patient source (37.36%), followed by the middle Taiwan (27.54%). Patients were more likely to reside in towns with level II urbanization level (42.4%), and had more chance to be cared in the regional hospital (40.3%).
Shoulder pain associated with HTN
Of the study population, 16,570 (21.7%) developed HTN in the 13-year follow-up. Female and elderly patients were prone to develop HTN (P = 0.002 and <0.001, respectively) [ Table 2 ]. Patients with lower household income and catastrophic illness were more likely to develop HTN within the follow-up years. Those who lived in urbanization level 4 and sought medical help in regional hospital were also associated with HTN (P < 0.001 for both).
In the Cox regression analysis, male subjects were shown to have higher risk of HTN with reference to female ones (adjusted HR = 1.106, 95% CI = 1.073-1.141, P < 0.001) [ Table 3 ]. Patients in the age group of 45-64 and ≥65 years had higher risk of HTN (adjusted HR = 3.187 and 5.806, respectively, P < 0.001 for both). Moreover, diagnosis of shoulder pain in winter was not associated with HTN risk (adjusted HR = 0.969, 95% CI = 0.928-1.012, P = 0.151). With reference of level 4 urbanization, patients residing in lower urbanization level showed nonsignificantly lower risk of HTN. On the other hand, subjects seeking higher level of care had lower risk of HTN (adjusted HR = 0.868 for hospital center and 0.870 for regional hospital, with reference to local hospital, P < 0.001 for both). 
Shoulder pain associated with CVD
A total of 8,453 subjects developed CVD. Of those patients, CHID accounts for 70.58%, followed by IHD (16.74%) and angina pectoris (13.45%), respectively [ Table 4 ]. Male patients were more likely to be associated with CVD (P < 0.001). Similar to HTN, patients who had CVD were elder (P < 0.001), with 58.23% of subjects in the age group of ≥65 years (P < 0.001).
Subjects having low household income and catastrophic illness were associated with CVD (P < 0.001 and P = 0.037). Diagnosis of shoulder pain in summer and winter also showed association with CVD (P < 0.001). Subjects living in the level 1 urbanization and received care in the medical center were less likely to have CVD within the 13 years of follow-up (P < 0.001 for both). 
HTN=Hypertension
The Cox regression analysis further confirmed that male, elderly patients, with catastrophic illness were associated with higher risk for any CVD (AMI, IHD, MI, angina pectoris and CIHD, P < 0.05 for all) [ Table 5 ]. Age remains the highest risk (adjusted HR = 4.371, 95% CI = 4.047-4.721, P < 0.001). The factor of season in the regression analysis revealed discrepant results across the subsets of CVD, as was the urbanization level and the level of care.
DISCUSSION
In this population-based cohort study, we investigated the association of shoulder symptoms, including pain, strain and sprains with the development of HTN and CVD from 2000 to 2013. We also examined the covariates of age, gender, household income, catastrophic illness, seasons, geographical residence, level of urbanization and level of care. After adjusting the above factors, we found that male patients, older age and lower household income were significantly associated with HTN and CVD (P < 0.05). Patients with catastrophic illness had lower risk of developing HTN and CVD, showing possible masking effect by the coding of catastrophic illness. In terms of season, although shoulder pain in winter was expected to correlate with HTN and CVD, our study did not confirm this association. In the subgroup analysis, shoulder pain diagnosed in winter only contributed to higher risk of AMI, emphasizing the correlation of shoulder discomfort with this lethal illness in winter. Patients in the lower urbanization level had lower risk of HTN. This might indicate that those patients had shoulder symptoms caused by other reasons. However, the leveling effect of urbanization level was not observed in the association with CVD. Moreover, patients who sought medical care in the hospital center or regional hospital had lower risk of HTN. It suggested that those subjects might have more medical intervention than those who were cared in the local hospital. Nevertheless, this finding was not seen in the subgroup analysis for AMI and MI, in which patients with higher level of care had higher risk of getting these two diseases. It might be explained by the fact that those patients had more severe shoulder discomfort and were managed in hospitals with higher level of care. In addition, it also suggested that severe shoulder symptom might be associated with underlying cardiovascular problems.
Several studies have investigated the association of CVD with musculoskeletal conditions. However, there were few studies describing the relation with shoulder. 5, 10 In Johnson County Osteoarthritis Project, the authors demonstrated significant association between cardiovascular problems (stroke, heart attack, heart trouble, and circulation problems) and moderate to severe shoulder symptoms after adjusting the covariates. 7 The authors in the study also pointed out this clinically relevant association may limit recommended physical activity and general rehabilitation.
In fact, cancers are known to be associated with local and generalized musculoskeletal symptoms. 7 Pain or discomfort induced under such circumstance should not be overlooked because such disturbing illness can affect the quality of life and a patient's surviving willingness. 11, 12 In the study carried out by Wright et al., cancer was associated with neck and shoulder symptoms. 7 However, there has been no study implicating the association of shoulder symptoms with future development of cancer. Our study identified significant association between shoulder pain and cancer arising from the esophagus and Reference CVD=Cardiovascular disease; AMI=Acute myocardial infarction; IHD=Ischemic heart disease; MI=Myocardial infarction; CIHD=Chronic ischemic heart disease; HR=Hazard ratio; CI=Confidence interval lung, suggesting that cancer is not only associated with musculoskeletal symptoms at the time of cancer diagnosis and management, but also with the previous episodes of symptomatic onset. There were many limitations in this population-based study. First, the data on severity, impact of the life quality, and specific anatomic location were not available, and the association of different shoulder symptoms with the clinical endpoints could not be investigated. Second, drug treatment for the shoulder discomfort were not analyzed, which would mask the effects of pharmacological regimen on HTN and CVD. Third, although we evaluated several socio-economic conditions such as income, urbanization level and level of care, we did not include education and marital status. Forth, in this retrospective study, the risk factors for HTN and CVD could not be adjusted. Therefore, our findings only suggested association but not causation. Fifth, the diagnosis of shoulder pain is based on NHIRD, which may not be precise.
CONCLUSION
The patients with shoulder symptoms were associated with the development of HTN and CVD, though the causative relationship could not be determined due to the inability of adjusting all risk factors in a prospective manner. Therefore, future studies are required to elucidate the underlying clinicopathogenesis.
